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(57) Abstract 

The invention relates to a digitizing apparatus (1) for forming (digitizing) a digital, electrical image of a subject (3). The digitizing 
apparatus (1) comprises a light sensor (4) consisting of one or several photosensitive picture elements (PI, P2 t PI0) and to which the 
image of the subject (3) is arranged to be directed in one or several parts, the image being divided into pixels. Each picture element (PI, 

P2 P 10) to be used in digitizing is arranged to conduct a photoelectric conversion to generate a signal proportional to the lightness of 

the pixel directed to the picture element. At least one pixel to be digitized is arranged to be subjected to at least two conversions. In at 
least two different conversions, the quantity of light to be directed during the conversion of said pixel to the picture element conducting 
the conversion is arranged to be adjustable, wherein in at least two conversions, the quantities of light are unequal. 
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Digitizing apparatus 

The present invention relates to a digitizing apparatus for forming a 
digitized image of a subject, as presented in the preamble portion of the 
appended claim 1 . The digitizing apparatus comprises photosensitive 
picture elements to which the image of the subject is arranged to be 
directed in one or several parts, the image being divided into pixels, 
wherein each picture element to be used in digitizing is arranged to 
conduct a photoelectric conversion to form a signal proportional to the 
lightness of the pixel directed to the picture element. The digitizing 
apparatus is intended particularly for digitizing films to an electrical 
format. Furthermore, the invention relates to a method for forming a 
digitized image, as presented in the preamble portion of the appended 
claim 14. 

Several digitizing apparatuses have been developed, in which a film or 
a corresponding image of a subject is digitized by using a known photo- 
sensitive sensor. For this purpose, e.g. a CCD sensor (charged 
coupled device) is applicable, consisting typically of several photo- 
sensitive picture elements arranged either in the form of a line (line 
sensors) or a matrix (image sensors). Light induces in each picture 
element a charge whose quantity depends on e.g. the intensity of the 
light as well as the time of action in the picture element, i.e. the expo- 
sure time. Such digitizing apparatuses are equipped with optics 
whereby the image of the subject to be digitized is directed to the pic- 
ture elements of the CCD sensor. Using a sufficiently large matrix 
image sensor, it is possible to convert the whole image area with one 
exposure. Instead, when a line sensor is used, the image is formed e.g. 
line by line, wherein after digitizing each line either the subject or the 
CCD sensor is usually moved so that the next line can be digitized. 
Consequently, the image of the subject formed by digitizing is a kind of 
set of pixels in matrix form, each representing a certain part of the sub- 
ject of the image. The accuracy of the digitized image is affected par- 
ticularly by the number of pixels, i.e. the resolution of the digitized 
image. This resolution can be affected e.g. by selecting a photosensi- 
tive sensor with a sufficient number of picture elements. 
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Also known are CCD sensors developed particularly for colour video 
cameras (colour light sensors), where the conversion means conduct- 
ing the photoelectric conversion of one pixel consists of three picture 
elements (CCD elements). The picture elements PR, PG, PB of the 
5 conversion means are arranged e.g. side by side or in a triangular 
shape. These alternative placements of the picture elements PR, PG, 
PB are shown in a reduced manner in the appended Figures 3c and 3d. 
Each conversion means is provided with colour filters for red, green 
and blue light so that in each conversion means, a red filter is provided 

10 in front of one picture element PR, a green filter is provided in front of a 
second picture element PG, and a blue filter is provided in front of a 
third picture element PB. The red filter transmits primarily rays of light 
having their wavelength in the range of red light, wherein the corre- 
sponding picture element PR generates a charge corresponding to the 

15 intensity of red light. In a corresponding way, the green filter transmits 
green light and the blue filter transmits blue light, wherein the intensities 
of these colours can be measured from the corresponding picture ele- 
ments PR, PG, PB. 

20 Consequently, the charge of each CCD picture element depends on the 
intensity and exposure time of light directed to it. This charge can be 
transmitted in a way known as such to the output of the CCD sensor, 
from which this can measured as a voltage value. From the output of 
the CCD sensor, the information of each pixel is obtained advanta- 

25 geously in sequence, i.e. in serial form. These pixel-specific voltage 
values are converted by an analog/digital converter to digital form, 
wherein this digital numerical value can be stored e.g. in the memory of 
a control unit. 

30 One use for such a digitizing apparatus is to digitize x-ray films, wherein 
x-ray films converted into digital form can be e.g. filed electrically, and if 
necessary, they can also be easily and quickly transmitted even long 
distances. Known digitizing apparatuses, however, have e.g. the draw- 
back that in x-ray films, the optical density (OD), indicating the capacity 

35 to transmit the intensity of light in a logarithm, for different pixels can 
vary in a considerable range, typically from 0 to 6. Thus, for achieving a 
sufficient resolution in digitizing, an analog/digital converter must be 
used which has a sufficiently high resolution capability, in the order of 
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19 bits. However, such analog/digital converters are very expensive, 
thereby raising the cost of these digitizing apparatuses considerably. 
Another problem is the fact that with high optical density, i.e. in dark 
spots of the film, the basic noise of the CCD sensor interferes signifi- 
cantly with the digitizing of such a pixel and may distort the measuring 
result. This can be reduced for example by increasing the exposure 
time or by raising the intensity of the illuminator, but thus the resolution 
will be degraded in bright spots, correspondingly. 

European patent EP 239 936 presents an apparatus in which two 
image scans are used for digitizing an image. The first scan is used to 
determine e.g. whether the subject is in text form or involves a grey 
scale. Furthermore, in connection with the first scan, the threshold 
values are selected, on the basis of which different grades of grey are 
identified in the case that the subject involves a grey scale. The appa- 
ratus disclosed in said patent publication divides the subject of the 
image in parts, wherein the apparatus first examines whether said part 
contains a text or images, and on the basis of this selects the algorithm 
and threshold values for each time. However, this apparatus does not 
eliminate the problem that an analog/digital converter with a high reso- 
lution has to be used to achieve good resolution in bright and dark parts 
of the image. 

Japanese patent application JP 8 079 461 presents a system for image 
digitizing, wherein a CCD sensor is used for scanning an image, and 
the exposure time of the sensor is adjusted during scanning of the 
image. The exposure time is adjusted so that during the first scan, a re- 
set time is calculated for each picture element in the CCD sensor. Dur- 
ing the examination, the CCD sensor is moved at a slower rate, and in 
the second phase, the CCD sensor is moved faster, utilizing the pre- 
calculated reset times in this phase. With the apparatus presented in 
the publication, the signal noise ratio is improved. However, the appara- 
tus presented in the publication is relatively slow, due to e.g. the fact 
that the image is scanned twice and even at different speeds. On the 
other hand, this requires precise focusing of the CCD sensor in both 
scanning phases to ensure that the reset times to be calculated really 
correspond to that part of the image which is to be actually digitized in 
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the second phase. Also this apparatus does not give a good resolution 
in dark and light spots without a high-resolution analog/digital converter. 

It is one purpose of the present invention to provide an improved 
5 method and an apparatus for forming (digitizing) a digital, electric image 
of a subject, particularly in view of the dynamics as compared with prior 
art. The invention is based on the idea that the digitizing is conducted 
by using two or more conversions, and that different luminosities are 
used in each conversion e.g. by adjusting the intensity of the illumina- 

10 tor. The image of the subject can be preferably divided into pixels. For 
each pixel, the final digitizing result is calculated preferably on the basis 
of values measured in the different conversions. The digitizing appara- 
tus according to the present invention is characterized in that at least 
one pixel to be digitized is arranged to be subjected to at least two con- 

15 versions, and that in at least two different conversions, the quantity of 
light to be directed during the conversion of said pixel to the picture 
element conducting the conversion is arranged to be adjustable, 
wherein in at least two conversions, the quantities of light are unequal. 
The method of the present invention is characterized in that at least 

20 one pixel to be digitized is subjected to at least two conversions, and 
that in at least two different conversions, the quantity of light to be di- 
rected during the conversion of said pixel to the picture element con- 
ducting the conversion is arranged to be adjustable, wherein in at least 
two conversions, the quantities of light are unequal. 

25 

The present invention gives considerable advantages. Using a digitiz- 
ing apparatus according to the invention, it is possible to digitize also 
subjects where variations in luminance at different points are very 
great, still producing a good digitizing result at each point. According to 

30 a first embodiment of the invention, the digitizing apparatus is also rela- 
tively quick, because different exposure phases for each pixel are con- 
ducted without moving the subject or the image sensor between these 
exposure phases. Thus, different exposure phases are accurately di- 
rected to the same pixel, whereby the quality of the digitized image can 

35 be further improved. 

The digitizing apparatus according to the invention can be implemented 
with an analog/digital converter with a smaller resolution than would be 
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possible by using currently known digitizing apparatuses, to obtain the 
same resolution in the whole image area. This is a factor that makes 
the digitizing apparatus less expensive, because the prices of ana- 
log/digital converters rise very sharply with increasing resolution. More- 
5 over, in the digitizing apparatus of the invention, the signal-noise ratio 
can also be improved, which also improves the quality of the digitized 
image. 

Fig. 1 shows a digitizing apparatus according to a first advanta- 
10 geous embodiment of the invention in a reduced block 

chart, 



Fig. 2 shows the optics of the digitizing apparatus according to the 
first advantageous embodiment of the invention in a skele- 
15 ton diagram, 

Fig. 3a shows the division of the subject of the image into pixels in 
a reduced manner, 

20 Fig. 3b is a skeleton diagram on an advantageous light sensor, 

Fig. 3c is a skeleton diagram on an advantageous colour light sen- 
sor, 

25 Fig. 3d is a skeleton diagram on another advantageous colour light 
sensor, 

Fig. 3e shows an example on conversion results of the digitizing 
apparatus for scanning one line, 



30 



Fig. 4 shows a dimmer that can be used in connection with a digit- 
izing apparatus according to the first advantageous 
embodiment of the invention, 



35 Fig. 5 



shows a digitizing apparatus according to a second advan- 
tageous embodiment of the invention in a reduced block 
diagram, 
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Fig. 6 shows the optics of a digitizing apparatus according to the 
second advantageous embodiment of the invention in a 
skeleton diagram, 

Fig. 7 shows a digitizing apparatus according to a third advanta- 
geous embodiment of the invention in a reduced block dia- 
gram, and 

Fig. 8 shows an advantageous example of the radiation pattern of 
an emitter and sensitivities of picture elements. 

EXAMPLE 1 

A digitizing apparatus 1 according to a first advantageous embodiment 
of the invention is presented in the block diagram of Fig. 1. The digitiz- 
ing apparatus consists of an illuminator 2, which is preferably a fast 
controllable illuminator, such as a light emitting diode (LED) or a xenon 
tube. This fast controllability gives the advantage that the luminosity of 
the illuminator can be quickly adjusted to a desired level, and thus dif- 
ferent exposure phases can be conducted consecutively without long 
delays between the different exposure phases. This factor will be de- 
scribed in more detail below in this specification. 

Light rays from the illuminator 2 are directed through a subject 3, such 
as a film, to a light sensor 4, which is preferably a CCD sensor (charge 
coupled device). The travel of the light rays is controlled optically e.g. 
with lenses 15 and possibly with mirrors (not shown) in a way known as 
such. The example of Fig. 2 presents one optical solution to place the 
illuminator 2, the subject 3 and the light sensor 4. It is obvious for any- 
one skilled in the art that the optics can be implemented with a variety 
of different solutions which are feasible for implementing the digitizing 
apparatus 1 of the invention. 

In the digitizing apparatus 1 according to the first embodiment of the in- 
vention, shown in Fig. 1, the light sensor 4 used is a so-called line sen- 
sor, i.e. the light sensor 4 consists of several CCD picture elements in- 
stalled in a line. 
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Figure 3b is a skeleton diagram on an advantageous CCD light sen- 
sor 4 consisting of picture elements P1, P2, P10, such as CCD pic- 
ture elements, arranged in the form of a line. These picture elements 
P1, P2, P10 constitute the photosensitive part of the light sensor, i.e. 
5 the part conducting the photoelectric conversion. The number of the 
picture elements corresponds preferably to the resolution (separating 
capacity) that is required for digitizing the subject 3 in one direction, for 
example in the horizontal direction (X axis in Fig. 3a). Consequently, 
the digitizing of the entire subject 3 can thus be completed line by line; 
10 in other words, after the digitizing of each line in the X direction, either 
the subject 3 or the light sensor 4 is moved in the Y direction (Fig. 3a) 
preferably to the next line, as is known as such. 

At each exposure time, the light sensor 4 is exposed to rays of light 
15 passed through the subject 3 for a certain time, after which a shutter 5 
is closed, preventing the entry of light rays in the light sensor 4. At this 
stage, a charge is generated in the CCD picture elements P1, P2, 
P10 of the light sensor 4, the quantity of the charge being proportional 
to the quantity of light directed at the CCD picture element. The quantity 
20 of light is affected by the brightness of the illuminator, losses and lin- 
earity errors in the optics, the brightness of the pixel directed at the 
CCD picture element in question, and the exposure time. 

The quantity of light to be directed to the CCD sensor can be adjusted 
25 also with a dimmer 16, one example of the dimmer 16 being shown in 
Fig. 4. In this case, the dimmer consists of two dimmer blocks 16a, 16b, 
which may have different light transmission capacities. One dimmer 
block 1 6 can also be bright, whereby it does not limit the quantity of 
light. With this solution, it is not necessary to adjust the brightness of 
30 the illuminator 2. 

The charges of the CCD picture elements can be read from the output 
line OUT of the light sensor 4 in a way known as such, e.g. by pulses 
entered in a clock line CLOCK, whereby in connection with each pulse, 
35 the charge of one CCD picture element is transmitted in the output line 
OUT. Consequently, information is obtained from the light sensor 4 of 
this example in serial form. The quantity of the charge is indicated as a 
voltage in the output line OUT, and this voltage can still be amplified, if 
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necessary, with a voltage amplifier 6, the amplified voltage signal being 
transferred from the output of the voltage amplifier 6 to an analog/digital 
converter? to be digitized. The analog/digital converter? generates a 
digital message proportional to the voltage, e.g. a binary digit of 16 bits. 
5 For example, at a voltage value 0, the binary digit is 0, and correspond- 
ingly, at a voltage value of e.g. 5 V, the binary digit is 65,535. The con- 
trol unit 8 of the digitizing apparatus, e.g. a micro controller unit MCU, 
reads this binary digit from the output of the analog/digital converter 7 
and stores it in a memory 9, preferably a random access memory RAM. 
10 This way the control unit 8 reads the quantity of the charge of each 
CCD picture element and stores the corresponding digital number in 
the memory 9 where a storage location is reserved for the numerical 
value corresponding to the charge of each CCD picture element. 

15 Next, the control unit 8 adjusts the luminosity of the illuminator 2 for ex- 
ample 8-fold. After this, the control unit 8 opens the shutter 5, whereby 
rays of light can enter the light sensor 4. After the exposure time, the 
control unit 8 closes the shutter 5, after which the control unit 8 reads 
again the charge of each CCD picture element and transfers the nu- 

20 merical values corresponding to the charges to the memory 9. These 
values, corresponding to the second brightness setting of the illumina- 
tor and converted into digital form, are stored preferably at a different 
location than the values corresponding to the first brightness setting of 
the light source, whereby both sets of values can be used for calculat- 

25 ing the final digitizing result. The second numerical values do not nec- 
essarily need to be stored, if the final digitizing result for each pixel is 
calculated immediately after the first exposure. 

For example, after digitizing of one line, the control unit 8 starts a mo- 
30 tor 10 that moves the subject 3 in a way that the next line of the subject 
to be digitized can be directed to the light sensor 4. The example of 
Fig. 2 shows rolls 17a — 17d, whereby a film is moved in the direction of 
arrow S. After this, said two exposures are taken again, and the digit- 
ized values are read into the memory 9. Following this, the subject is 
35 moved again for digitizing the next line. The above-mentioned steps are 
repeated as long as the whole area of the subject that is to be digitized 
is scanned and the digitized value of each pixel of each area of the 
subject to be digitized is formed with different luminosities. At this 
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stage, according to an advantageous embodiment of the invention, the 
digitized values corresponding to each pixel with these different lumi- 
nosities are stored in the memory 9 of the digitizing apparatus. 

5 It is also possible to move the film continuously, provided that a con- 
version can be made of the area of each pixel. For example, in a pho- 
toelectric conversion arranged in a line form, one pixel line can be digit- 
ized fast. 

10 The next step is to calculate the final digitizing result for each pixel. Let 
us assume that the binary digit formed by the analog/digital converter 7 
is very close to zero at such pixels which are very light, i.e. the lumi- 
nosity directed at the CCD picture element is high. In a corresponding 
manner, the conversion result of the analog/digital converter? is close 

15 to maximum, which with a 16 bit converter thus corresponds to the nu- 
merical value of 65,535, in dark spots of the pixel. Thus, the luminosity 
directed at the CCD picture element is small. In practice, scanning with 
a smaller luminosity means that the dark details of the subject cannot 
be differentiated, because the conversion result is the maximum or very 

20 close to it. However, scanning with the highest intensity allows a larger 
luminosity to enter the CCD picture elements also in the dark details, 
whereby the binary numerical values generated are generally smaller 
than said maximum value. In a corresponding manner, for bright details 
of the subject 3, a better resolution is achieved by using a smaller iumi- 

25 nosity. This is due e.g. to the fact that when exposing with a greater 
luminosity, the analog/digital converter? gives the minimum, i.e. zero, 
as the conversion result, irrespective of small variations in the bright- 
ness of the pixel of the subject, but with a smaller luminosity, slightly 
greater conversions results are obtained. 

30 

Figure 3e shows still another example of said conversion results for 
scanning one line. The pixels of the line are, in general, relatively dark, 
but at some pixels, (pixels ca. 4000 — 4500), there is a brighter spot. 
Also in the dark parts, there are slight variations in darkness, which are 
35 shown as ridges in a curve B indicating the conversion results with 
greater quantity of light. The curve B also shows that with this greater 
quantity of light, the conversion result of the brightest details is zero 
substantially for all values, and no differences in brightness between 
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different pixels are distinguishable in this spot. A curve A indicates 
scanning with a smaller intensity, whereby in the dark details, the con- 
version result amounts to the maximum and differences are not formed 
between variations in darkness in the dark spots. However, in the pixels 
5 of the brighter spot the conversion result is greater than 0, and the con- 
version result is affected by variations in brightness of the bright spots. 
Consequently, the dynamics, of the digitizing apparatus 1 according to 
the invention has been increased in a simple way, and it is still possible 
to use an inexpensive analog/digital converter 7. If the corresponding 

10 dynamics were obtained by using only one exposure, the requirement 
in this example case would be to use an analog/digital converter of at 
least 19 bits, which is significantly more expensive than a 16 bit ana- 
log/digital converter. In such a 19 bit A/D converter, also problems with 
noise, particularly at dark details, are greater than in digitizing with the 

15 digitizing apparatus according to the invention. 

The final digitizing result is formed on the basis of digitized values cal- 
culated from these two scans. This can be conducted e.g. in a way that 
for those pixels, where the conversion result of scanning conducted 

20 with smaller intensity, i.e. smaller quantity of light directed to the picture 
element, is the maximum or close to the maximum, a greater weight is 
given to the result of conversion with higher intensity, i.e. greater 
quantity of light directed to the picture element, and, in a corresponding 
way, for those pixels, where the conversion result of scanning con- 

25 ducted with greater intensity is the minimum or close to the minimum, a 
greater weight is given to the result of conversion with lower intensity. 
For other pixels, e.g. both conversion results are utilized with a suitable 
weighting. 

30 The final digitizing result can be presented e.g. on a display means 1 1 
in the digitizing apparatus in the form of an image, for example as a 
monochrome image or a colour image, whereby different colours can 
be used to emphasize those details in the image which are very bright 
or very dark. 

35 

The conversion result can also be transferred in electric form e.g. by 
means of a modem 12 to a telecommunication network or another 
communication network. Furthermore, the conversion result can be 
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stored e.g. on a diskette (not shown) or a so-called FLASH memory cir- 
cuit 1 3 for example for filing. 

In this context, one advantage of the invention should be mentioned, 
5 namely that the sensitivity of the CCD sensor increases more in pro- 
portion than an increase in the quantity of light, whereby the conversion 
results are also more accurate in a corresponding way. 

Furthermore, the block diagram of Fig. 1 shows a keypad 14 whereby 
10 the operation of the digitizing apparatus 1 can be controlled,-and if nec- 
essary, it is possible to select e.g. the number of exposures and the 
luminosity to be used at each exposure time. 

In the digitizing apparatus 1 according to a first advantageous embodi- 
15 ment of the invention, presented above, two different scans were used, 
but it is also possible to apply the invention by using three or even more 
scans with different luminosities, whereby the conversion results from 
these different exposures determine the final digitizing result for each 
pixel. 

20 

If necessary, the exposure time can be changed for different expo- 
sures. Moreover, a shutter 5 is not necessary, but the illuminator 2 can 
also be turned off for the time of reading the charges of the light sen- 
sor 4. However, it is advantageous to keep the light sensor 4 dark for 
25 the time of this reading, thereby preventing cross talk from the CCD 
picture elements. 

Furthermore, the invention is not limited solely to a light sensor 4 in the 
line form, but it is also possible to use a light sensor in the matrix form, 

30 whereby the whole image area can be exposed at one exposure time 
and after this, the CCD picture element of each light sensor 4 is read 
respectively, as presented above. This is followed by a second expo- 
sure by using a different luminosity, and after this exposure, the 
charges generated by the light sensor 4 are read again. This method 

35 has the advantage that the subject 3 or the light sensor 4 does not 
need to be moved during digitizing of the subject 3. Moreover, the 
resolution of the analog/digital converter? is not limited to 16 bits but 
also other resolutions can be used according to the application. 
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Within the scope of the invention, the digitizing apparatus 1 can also be 
implemented in a way that two or several samples are taken from the 
area of each pixel, and the subject 3 can be slightly moved between 
5 each sampling time, if necessary. Thus, only a part of the area of the 
pixel is directed to each CCD picture element at each sampling time. It 
is also possible to use a more accurate light sensor 4 so that there are 
two or more CCD picture elements at each pixel, whereby the conver- 
sion result for the pixel is formed from the information given by these 
10 picture elements. 

EXAMPLE 2 

A digitizing apparatus 1 according to a second advantageous embodi- 
15 ment of the invention is shown in the reduced block chart of Fig. 5. The 
digitizing apparatus 1 consists of an illuminator 2 comprising e.g. one or 
several light diodes LED or a xenon tube. 

Rays of light emitted from the illuminator 2 are conducted through a 
20 subject 3, such as a film. The light rays transmitted through the film are 
directed optically, e.g. with lenses (not shown) to a mirror 20 partly 
permeable to rays of light. This partial light permeability gives the ad- 
vantage that the quantities of light are different for the light passed 
through the mirror 20 and for the light reflected from the mirror 20 in the 
25 case that the light transmitting capacity is substantially different from 
0.5. The permeability is for example 10 %, which in this specification 
indicates that ca. 10% of the light rays are passed through the mir- 
ror 20 and ca. 90 % of the light rays are reflected from the reflecting 
surface of the mirror 20. In practical mirrors, some of the light rays are 
30 scattered and some are absorbed onto the surface of the mirror. These 
losses can, however, be taken into account advantageously at the 
stage of calibration of the digitizing apparatus 1 . 

The rays of light that are passed through the mirror 20 are conducted to 
35 a first light sensor 4a, and the rays of light that are reflected from the 
reflecting surface of the mirror 20 are conducted to a second light sen- 
sor 4b. The light sensors 4a, 4b are advantageously CCD sensors. The 
travel of light rays is controlled optically e.g. with lenses 15 and possibly 
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with other mirrors (not shown) in a way known as such. The example of 
Fig. 6 shows another optical solution for placement of the illuminator 2, 
the subject 3 and the light sensors 4a, 4b. It will be appreciated by any- 
one skilled in the art that the optics can be implemented in a variety of 
5 solutions for implementing the digitizing apparatus 1 according to the 
invention. 

Also in this digitizing apparatus 1 according to the second embodiment 
of the invention, shown in Fig. 5, the light sensors 4a, 4b used are line 

10 sensors. At each time of exposure, the light sensors 4a, 4b are sub- 
jected for a certain time to rays of light that have passed through the 
subject 3. This exposure time is adjusted either by controlling the illumi- 
nator directly on/off, or with a shutter 5, whereby it is opened for starting 
the exposure and closed after a predetermined exposure time. After the 

15 exposure, a charge is generated in the CCD picture elements P1, P2, 
P10 of the light sensor 4a, 4b, the quantity of the charge being pro- 
portional to the quantity of light directed to the CCD picture elements. 

The charges of the CCD picture elements can be read from the output 

20 line OUT1 , OUT2 of the light sensor 4a f 4b by a method known as 
such, e.g. in the following way. Let us assume that the charges of the 
light sensors are measured alternately so that the charge of the first 
picture element of the first light sensor 4a is read at first, the charge of 
the corresponding picture element of the second light sensor 4b is read 

25 next, the charge of the second picture element of the first light sen- 
sor 4a is read after this, eta The control unit 8 of the digitizing appara- 
tus generates clock pulses which are lead to a clock line CLOCK1 in 
the first light sensor, whereby in connection with each pulse, the charge 
of one CCD picture element is transferred to the output line OUT1 . The 

30 quantity of the charge is shown as a voltage in the output line OUT1. A 
first voltage amplifier 6a amplifies the voltage corresponding to the 
charge, wherein the output of the first voltage amplifier 6a has a voltage 
proportional to the charge. The amplified voltage signal is transferred to 
a first analog/digital converter 7a. The first analog/digital converter 7a 

35 generates a digital message proportional to the voltage, such as a bi- 
nary digit of 16 bits. For example, at the voltage value 0, the binary digit 
is 0, and in a corresponding manner, at the voltage value of e.g. 5 V, 
the binary digit is 65,535. The control unit 8 of the digitizing apparatus, 
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for example a micro controller unit MCU, reads this binary digit from the 
output of the first analog/digital converter 7a and stores it in a mem- 
ory 9, preferably a random access memory RAM. 

Next, the control unit 8 of the digitizing apparatus generates clock 
pulses in a clock line CLOCK2 of the second light sensor, for transfer- 
ring the charged state of the picture elements to the output line OUT2 
of the second light sensor. The voltage signal is amplified in a second 
voltage amplifier 6b, and the amplified voltage signal is digitized in a 
second analog/digital converter 7b. The control unit 8 reads the digital 
value, which is thus proportional to the charge of the picture element of 
the second light sensor 4b, and stores the numerical value in the mem- 
ory 9. In this way, the control unit 8 reads the quantity of the charge of 
each CCD picture element in both light sensors 4a, 4b and stores the 
corresponding digital value in the memory 9. The memory 9 advanta- 
geously has a memory location reserved for the numerical value corre- 
sponding to the charge of each CCD picture element in the both light 
sensors 4a, 4b. Because the luminosities directed to the first light sen- 
sor 4a and the second light sensor 4b from the same pixel are unequal, 
also the digitizing results are unequal. The way of utilizing these un- 
equal luminosities in the digitizing apparatus according to the invention 
will be described further below in the specification. 

For example after digitizing one line, the control unit 8 starts a motor 10 
for moving the subject 3 so that the next line to be digitized can be di- 
rected at the light sensor 4a. The example of Fig. 2 shows rolls 17a — 
17d, whereby a film is moved in the direction of arrow S. After this, the 
charged states of the picture elements in the light sensors 4a, 4b are 
measured as described above, and the digitized values are read into 
the memory 9. Following this, the subject is moved again for digitizing 
the next line. The above-mentioned steps are repeated as long as the 
whole area of the subject that is to be digitized is gone through and the 
digitized value for each pixel of each area of the subject to be digitized 
is formed with different luminosities. At this stage, according to an ad- 
vantageous embodiment of the invention, the digitized values corre- 
sponding to each pixel with these different luminosities are stored in the 
memory 9 of the digitizing apparatus 1 . 
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In the next phase, the final digitizing result is calculated for each pixel. 
Let us assume that the binary digit generated by the analog/digital con- 
verter 8 is close to zero for those pixels that are very light, i.e. the 
quantity of light directed to the CCD picture element is large. Corre- 
5 spondingly, the conversion result of the analog/digital converter 8 is 
close to the maximum, which with a 16-bit converter thus corresponds 
to the numerical value of 65,535, in dark spots of the pixel. Thus the 
quantity of light directed to the CCD picture element is small. In this ad- 
vantageous embodiment of the invention, shown in Fig. 5, the intensity 

10 of the rays of light that have passed through the mirror 20 is smaller 
than the intensity of the rays of light that have been reflected from the 
mirror 20; consequently, the picture elements of the first light sensor 4a 
are subjected to a smaller luminosity than the picture elements of the 
second light sensor 4b. In practice, the measurement of quantities of 

15 light with the first light sensor 4a, conducted with a smaller luminosity, 
means that the dark details of the image cannot be distinguished, be- 
cause in such spots the conversion result is the maximum or very close 
to the maximum. However, the measurement of quantities of light with 
the second light sensor 4b, conducted with a greater luminosity, allows 

20 the entry of a greater quantity of light to the CCD picture elements of 
the second light sensor 4b also in the dark details, wherein the binary 
digital values generated are, in general, smaller than said maximum 
value. In a corresponding manner, for the bright details of the subject 3, 
a better resolution is achieved with the first light sensor 4a than the 

25 second light sensor 4b. This is due e.g. to the fact that with exposure to 
a greater luminosity, the analog/digital converter 8 gives the minimum 
value, i.e. zero, as the conversion result, irrespective of small variations 
in brightness in the pixel of the subject, but with a smaller luminosity, 
slightly greater conversion results are obtained. 

30 

The solution presented above gives e.g. the advantage that a charged 
state obtained with two different intensities can be measured as pre- 
cisely as possible in the area of the same pixel, which improves the re- 
liability of the measurement. This is necessary particularly in such ap- 
35 plications of the digitizing apparatus 1 according to the invention where 
the film is moved continuously. 
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The final digitizing result is formed on the basis of these digitizing val- 
ues calculated from the measuring results of these two light sensors 4a, 
4b. This can be conducted e.g. in a way that for those pixels, where the 
conversion result of the measurement conducted with a smaller inten- 
sity, i.e. with the first light sensor 4a, is the maximum or close to the 
maximum, a greater weight is given to the result of conversion with a 
higher intensity, i.e. the measurement conducted with the second light 
sensor 4b, and, in a corresponding way, for those pixels, where the 
conversion result of the measurement conducted with the second light 
sensor 4b is the minimum or close to the minimum, a greater weight is 
given to the result of conversion of the measurement conducted with 
the first light sensor 4a. For other pixels, e.g. both conversion results 
are utilized with a suitable weighting. 

The final digitizing result can be presented e.g. on a display means 1 1 
in the digitizing apparatus in the form of an image, for example as a 
monochrome image or a colour image, whereby different colours can 
be used to emphasize those details in the image which are very bright 
or very dark. 

In the digitizing apparatus 1 according to the second advantageous 
embodiment of the invention, presented above, two light sensors 4a, 4b 
were used, but it is also possible to apply the invention by using three 
or even more light sensors with different luminosities, by using e.g. 
dimmers. The conversion results from these different exposures 
determine the final digitizing result for each pixel. 

The shutter 5 is not necessary, but the illuminator 2 can also be turned 
off for the time of reading the charges of the light sensor 4a. However, 
it is advantageous to keep the light sensor 4a dark for the time of this 
reading, thereby preventing cross talk from the CCD picture elements. 
To control the illuminator 2, it is possible to use e.g. an electrically con- 
trollable switch 18, wherein advantageously the controllers turns the 
switch to the off-position for starting the exposure and to the on-position 
for terminating the exposure, correspondingly. The control signal used 
for the switch 18 is e.g. a logic signal whose voltage value in normal 
applications is in the first state (logical 0 state) ca. 0 V and in the sec- 
ond state (logical 1 state) ca. 5 V, which is known as such. 



WO 98/59491 



17 



PCTVFI98/00510 



EXAMPLE 3 

A digitizing apparatus 1 according to a third advantageous embodiment 
of the invention is presented in the reduced block diagram of Fig. 7. 
The digitizing apparatus 1 consists of an illuminator 2 comprising two 
emitters 2a, 2b. The emitters consist of e.g. one or several light emitting 
diodes LED or a xenon tube. The radiation patterns of the emitters 2a, 
2b differ from each other in that the range of the strongest radiation in 
the frequency spectrum is located differently, which is shown as differ- 
ent colours when the wavelength is in the range of visible light. In the 
digitizing apparatus 1 according to the invention, the first emitter 2a 
emits advantageously red light and the second emitter 2b emits advan- 
tageously green light. Thus, the ranges of the strongest radiation of the 
emitters 2a, 2b are sufficiently distant from each other. Moreover, the 
maximum intensities of radiation from the emitters 2a, 2b are different. 
However, the invention is not limited to such wavelengths of emitters, 
but within the scope of the invention, it is also possible to use also other 
wavelengths. Instead of two emitters 2a, 2b, it is also possible to use 
one emitter having a radiation pattern with e.g. two ranges of stronger 
radiation with unequal maximum intensities. 

In the digitizing apparatus 1 according to a third advantageous em- 
bodiment of the invention, one light sensor 4 is used, which is advanta- 
geously a colour light sensor, and each converter means 19a, 19b, 19c 
comprises at least two, usually three picture elements PR, PG, PB. The 
light sensor 4 is advantageously a line sensor, i.e. it consists of con- 
verter means 19a, 19b, 19c placed in a line, wherein it is possible to 
digitize the pixels of one line of the subject 3 in one exposure. 

Consequently, the subject 3 is illuminated with two illuminators 2a, 2b 
emitting light of different colours. The rays of light passing through the 
subject 3 are conducted to the light sensor 4 so that one pixel at a time 
is directed optically at one converter means 19a, 19b, 19c. Thus, the 
first picture element PR of the converter means, provided with a red fil- 
ter transmitting light of the colour of the first illuminator 2a, measures 
the intensity of light rays passing through the pixel in the wavelength of 
red light. In a corresponding manner, the second picture element PG of 
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the converter means, provided with a green filter transmitting light of 
the colour of the second illuminator 2b, measures the intensity of light 
rays passing through the pixel in the wavelength of green light. 

5 The charges of the picture elements are conducted via voltage amplifi- 
ers 6a, 6b to be digitized in analog/digital converters 7a, 7b. For this 
part, the operation of the apparatus according to the third embodiment 
of the invention corresponds to the operation of the apparatus accord- 
ing to the second embodiment of the invention, which was described 

10 above in this specification and to which reference is made in this con- 
text. 

Furthermore, in the digitizing apparatus 1 according to the third advan- 
tageous embodiment of the invention, one alternative to implement the 

15 illuminator 2 can be to use one emitter 2a, which emits radiation with a 
maximum intensity which is advantageously close to the wavelength 
measured by one picture element PR, PG, PB of the converter means 
19a, 19b, 19c of the light sensor, e.g. primarily in the wavelength of the 
first picture element PR. measuring red light. Part of the radiation is also 

20 directed to the second picture element PG, but the radiation is of 
smaller intensity than the radiation directed to the first picture element, 
wherein the second picture element measures this suppressed radia- 
tion. Figure 8 shows an advantageous example of the radiation pattern 
of an emitter 2a and sensitivities of picture elements PR, PG for differ- 

25 ent wavelengths. A curve IS shows the intensity of radiation from the 
emitter 2a at different wavelengths X. A curve IR shows the sensitivity 
of a first picture element PR for different wavelengths, and a curve IG 
shows the sensitivity of a second picture element PG for different 
wavelengths, respectively. From the curves, it can be seen that from 

30 the radiation emitted from the emitter 2a, the range of a greater inten- 
sity is in the sensitivity range of the first picture element PR and a small 
part of the radiation is in the sensitivity range of the second picture 
element PG. Thus, quantities of light from the same pixel can be meas- 
ured with two different intensities. The square area of the range indi- 

35 cated with the reference A1 in Fig. 8 is proportional to the quantity of 
light measured with the first picture element PR, and correspondingly, 
the square area of the range indicated with the reference A2 is propor- 
tional to the quantity of light measured with the second picture ele- 
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ment PG. The intensity and sensitivity curves presented above are only 
given as examples, but the invention can be applied also with different 
wavelength ranges. 

5 This digitizing apparatus 1 according to the third advantageous em- 
bodiment of the invention gives e.g. the advantage that the optical 
structure can be made slightly simpler than by using two different light 
sensors 4a, 4b. At the same time, according to the invention, two digiti- 
zations are obtained with two different intensities, from which the final 
10 conversion result can be determined. 

Within the scope of the invention, the digitizing apparatus 1 can also be 
implemented in a way that two or several samples are taken from the 
area of each pixel, and the subject 3 can be slightly moved between 

15 each sampling, if necessary. Thus, at each CCD picture element, only 
part of the area of the pixel is directed at each sampling time. It is also 
possible to use more precise light sensors 4a, 4b so that there are two 
or more CCD picture elements at one pixel, wherein the conversion 
result of the pixel is formed from the information obtained from these 

20 picture elements. 

In the examples according to the second and third embodiments of the 
invention, presented above, two voltage amplifiers 6a, 6b and two 
analog/digital converters 7a, 7b were used; however, it is also possible 

25 to implement the digitizing apparatus according to the invention with 
only one voltage amplifier 6a and one analog/digital converter 7a, if the 
conversion rate is sufficiently high for the purpose. In such a solution, 
the charge states of the picture elements P1, P2, P10 are thus 
measured consecutively, and e.g. a switch is used to transmit the 

30 charge of the desired picture element P1, P2, P10 to a measuring 
circuit 6a, 7a, as will be obvious for anyone skilled in the art. 

The invention is not limited solely to the embodiments presented above, 
but it can be modified within the scope of the appended claims. 
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Claims : 

1. A digitizing apparatus (1) for forming (digitizing) a digital, electrical 
image of a subject (3), which digitizing apparatus (1) comprises a light 

5 sensor (4) consisting of one or several photosensitive picture elements 

(P1 , P2 P10) and to which the image of the subject (3) is arranged 

to be directed in one or several parts, the image being divided into pix- 
els, wherein each picture element (P1, P2, .... P10) to be used in digitiz- 
ing is arranged to conduct a photoelectric conversion to generate a sig- 

10 nal proportional to the lightness of the pixel directed to the picture ele- 
ment, characterized in that at least one pixel to be digitized is ar- 
ranged to be subjected to at least two conversions, and that in at least 
two different conversions, the quantity of light to be directed during the 
conversion of said pixel to the picture element conducting the conver- 

15 sion is arranged to be adjustable, wherein in at least two conversions, 
the quantities of light are unequal. 

2. A digitizing apparatus (1 ) according to claim 1 , characterized in 
that the quantity of light is arranged to be adjustable by adjusting the 

20 brightness of an illuminator (2). 

3. A digitizing apparatus (1) according to claim 1, characterized in 
that the quantity of light is arranged to be adjustable with a dimmer (16) 
placed between the subject (3) and the light sensor (4) and comprising 

25 at least two dimmer blocks (16a, 16b) with a different permeability to 
light. 

4. A digitizing apparatus (1) according to claim 1, characterized in 
that the quantity of light is arranged to be adjustable with a dimmer (1 6) 

30 placed between an illuminator (2) and the subject (3) and comprising at 
least two dimmer blocks (16a, 16b) with a different permeability to light. 

5. A digitizing apparatus (1) according to claim 1, characterized in 
that the quantity of light is arranged to be adjustable by adjusting expo- 

35 sure time. 
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6. A digitizing apparatus (1) according to claim 5, characterized in 
that the exposure time is arranged to be adjusted with a shutter (5) 
placed between the subject (3) and the light sensor (4). . .. 

7. A digitizing apparatus (1 ) according to claim 1 , characterized in 
that the quantity of light is arranged to be adjustable by conducting a 
photoelectric conversion of at least one pixel to be digitized with at least 
two different picture elements (P1, P2 P10, PR, PG, PB). 

8. A digitizing apparatus (1) according to claim 1, characterized in 
that it comprises at least two light sensors (4a, 4b) with one or more 

picture elements (P1 , P2 P10) and at least one mirror (20) that is at 

least partly permeable to rays of light, wherein the quantity of light is ar- 
ranged to be adjustable by directing an image of the subject (3) to the 
mirror (20) that is at least partly permeable to rays of light, from where 
the rays of light transmitted through the mirror (20) are arranged to be 
conveyed to a first light sensor (4a), and the rays of light reflected from 
the mirror (20) are arranged to be conveyed to a second light sensor 
(4b). 

9. A digitizing apparatus (1) according to claim 8, characterized in 
that it comprises at least one light sensor (4) with at least one converter 
means (19a, 19b, 19c) consisting of two or more picture elements (PR, 
PG, PB), and an illuminator (2) which emits radiation whose frequency 
spectrum has at least two different maximum intensities, and that a first 
picture element (PR) is arranged to measure the quantity of light sub- 
stantially in the wavelength of one intensity maximum and a second 
picture element (PG) is arranged to measure the quantity of light sub- 
stantially in the wavelength of a second intensity maximum. 

10. A digitizing apparatus (1) according to claim 9, characterized in 
that the illuminator (2) consists of two emitters (2a, 2b) which emit light 
in unequal wavelengths. 

11. A digitizing apparatus (1) according to claim 8, characterized in 
that it comprises at least one light sensor (4) with at least one converter 
means (19a, 19b, 19c) consisting of two or more picture elements (PR, 
PG, PB), and an illuminator (2) which emits radiation whose frequency 
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spectrum has at least one intensity maximum, and that a first picture 
element (PR) is arranged to measure the quantity of light at a substan- 
tially different wavelength than a second picture element (PG). 

5 12. A digitizing apparatus (1) according to any of the claims 1 to 11, 
characterized in that the part of the light sensor (4) conducting the 
photoelectric conversion is arranged to be kept substantially in dark 
between different conversion times. 

10 13. A digitizing apparatus (1) according to any of the claims 1 to 12, 
characterized in that the subject (3) is a film, such as an x-ray film. 

14. A method for forming (digitizing) a digital, electric image of a sub- 
ject (3), the method using a light sensor (4) consisting of one or several 

15 photoelectric picture elements (P1, P2, P10) and to which an image 
of the subject (3) is directed in one or several parts, the image being 
divided into pixels, wherein each picture element (P1 , P2, P10) to be 
used in digitizing conducts a photoelectric conversion to generate a 
signal proportional to the quantity of light of the pixel directed at the 

20 picture element (P1, P2, P10), characterized in that in the method, 
at least one pixel to be digitized is subjected to at least two conver- 
sions, and that in at least two different conversions, the quantity of light 
to be directed during the conversion of said pixel to the picture element 
(P1, P2, P10) conducting the conversion is arranged to be adjust- 

25 able, wherein in at least two conversions, the quantities of light are un- 
equal. 

15. A method according to claim 14, wherein the signal generated by 
the picture element (P1, P2 P10) and proportional to the quantity of 

30 light has a minimum value and a maximum value, the minimum value 
being smaller than the maximum value, characterized in that the con- 
version result of the pixel to be digitized is formed on the basis of dif- 
ferent conversions so that if the conversion result in the conversion 
conducted with the smaller luminosity is in the maximum or close to the 

35 maximum, a great weight is given to the conversion conducted with the 
greater luminosity, and if the conversion result in the conversion con- 
ducted with the greater luminosity is in the minimum or close to the 
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minimum, a great weight is given to the conversion conducted with the 
smaller luminosity. 

16. A method according to claim 14, characterized in that in the 
5 method, at least one pixel to be digitized is subjected to a photoelectric 

conversion with at least two picture elements (P1, P2, P10, PR, PG, 
PB). 

17. A method according to claim 16, wherein the signal generated by 
10 the picture elements (P1, P2 P10, PR, PG, PB) and proportional to 

the quantity of light has a minimum value and a maximum value, the 
minimum value being smaller than the maximum value, characterized 
in that the conversion result of the pixel to be digitized is formed on the 
basis of signals generated by different picture elements (P1, P2 

15 P10, PR, PG, PB) so that if the signal generated by the first picture 
element (P1, P2, .... P10, PR) is in the maximum or close to the maxi- 
mum, a great weight is given to the signal generated by the second 
picture element (P1, P2, .... P10, PG), and if the signal generated by 
the second picture element (P1, P2 P10, PG) is in the maximum or 

20 close to the maximum, a great weight is given to the signal generated 
by the first picture element (P1, P2, .... P10, PR). 
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